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CLAIMS 



(57) [Claim(s)] 

[Claim 1] Collagen-calcium phosphate composite material characterized by coming to blend the 
calcium phosphate compound which is the composite material containing a collagen and has at 
least one sort of chemistry activity chosen from the group which consists of phosphoric-acid 4 
calcium and phosphoric-acid 8 calcium, iand the phosphoric-acid ion source. 
[Claim 2] A collagen and collagen-calcium phosphate composite material according to claim 1 
whose weight ratio of a calcium phosphate compound which has chemistry activity is 
collagen:calcium phosphate compound =99.9:0.1-0.7:99.3. 

[Claim 3] Collagen-calcium phosphate composite material according to claim 1 or 2 with which it 
comes, to blend the cross linking agent of a polyphenol system. 

[Claim 4] Adhesives for living bodies with which a composite material given in either to claims 1- 
3 comes to add gelatin and resorcinol. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the collagen-calcium phosphate composite 
material used as the anagenesis film (GTR film) in the periodontium, a hemostat, bone 
supplementation material, cartilage supplementation material, three-dimensions culture-medium 
material of a hard tissue cell, etc., and its application 
[0002] 

[Description of the Prior Art] Conventionally, the ingredients (for example, collagen film etc.) 
over which the collagen was made to construct a bridge by the cross linking agent of a 
polyphenol system are used as the GTR film or bone supplementation material. Since a collagen 
originates in a living body, these ingredients are excellent in biocompatibility or flexibility. 
However, this ingredient was able to promote neither an organization nor bony restoration. 
[0003] Moreover, although the colla tempestade - gene film, the fioc, or a fibrin paste was 
conventionally used as a hemostat, the hard tissue, of the hemostasis effectiveness and 
subsequent hard-tissue restoration was especially inadequate. On the other hand, the calcium 
phosphate compound which has chemistry activity, such as alpha-tricalcium phosphate (it is 
hereafter described as alpha-TCP), phosphoric-acid 4 calcium (it is hereafter described as 
TeCP). and phosphoric-acid 8 calcium (it is hereafter described as OCP), is gradually converted 
in the living body and in the oral cavity to the hydroxyapatlte (it is hereafter described as HAp) 
and the cartjonic acid apatite (it is hereafter described as C03-Ap) which are the principal 
component of the living body hard tissue, and may be united with the living body hard tissue. 
However, only with the calcium phosphate compound which has chemistry activity, deficiently, 
molding is difficult for flexibility and the hemostasis effectiveness does not have it in it the top 
where the suitable supplementation to the affected part is difficult either. 
[0004] Then, if the calcium phosphate compound which has the above-mentioned chemistry 
activity is chemically combined with the ingredient using the collagen as a main raw material, 
there are flexibility and moldability and the collagen ingredient which can promote an organization 
and bony restoration can be obtained. By the way, there were a fibrin paste, gelatin-resorcinol- 
formaldehyde adhesives (GRF), etc. as adhesives for living bodies. However, a fibrin paste has a 
weak adhesive property, although biocompatibility is high. On the other hand, although the 
adhesive property of GRF adhesives was strong, its biocompatibility was low and they might 
cause the inflammation of the affected part, and **** of a cell. 

[0005] The ingredient which combined with the ingredient using the above-mentioned collagen as 
a main raw material chemically the calcium phosphate compound which has chemistry activity is 
suitable also for the application as a hemostat and adhesives for living bodies 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, as for this invention, it is possible for 
calcium phosphate to be chemically compound-ized by the ingredient containing a collagen, and 
it. makes it a technical problem to offer the composite material which combines the compatibility 
to a living body and flexibility, and a bone and an organization restoration function, and its 
application. 



[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
collagen-calcium phosphate composite material concerning this invention is the composite 
material containing a collagen, and is characterized by coming to blend the phosphoric-acid ion 
source with the calcium phosphate compound which has chemistry activity. As a collagen used 
for this invention, although especially limitation is not carried out, it is desirable to use 
atelocollagen. By enzyme processing, TEROPEPUTAIDO of a molecule end is a part or the 
collagen all removed, and atelocollagen does not have noxiousness. A collagen may be used as a 
solution and may be used in the state of powder. 

[0008] The collagen concentration of a collagen solution has 0.2 - 2.0% of desirable range. If it 
exceeds this range, viscosity will be too high, providing as a solution will become difficult, and if 
less, the effectiveness which it is too thin and a collagen has will not be demonstrated. When 
using a collagen in the state of powder, it is desirable that 32 micrometers or less of mean 
particle diameter are 10 micrometers or less preferably. If mean particle diameter becomes large, 
the dissolution into a reaction solution will become difficult and it will become impossible to 
homogeneity distribute [ of a collagen ] it 

[0009] The phosphoric-acid ion source is blended in this invention. This is usually added in the 
form of a water solution. In the case of compoundHzing, the phosphoric-acid ion source helps 
the crystal growth of the calcium phosphate compound which has chemistry activity, and 
promotes OOP, the calcium deficit HAp, and generation of C03-Ap. The first potassium 
phosphate, sodium diphosphate, etc. are mentioned as a source of supply of phosphoric-acid ion. 
As for the mol concentration of the phosphoric-acid ion In a water solution, 2/1-1/30M are 
desirable. The crystal growth of calcium phosphate is delayed for this ranjge in case of low 
concentration as above-mentioned, and deposit precipitate is carried out in case of high 
concentration, without the first potassium phosphate, sodium diphosphate, etc. dissolving. 
Moreover, the buffer solution and the culture medium containing phosphoric-acid ion (for 
example, an MEM culture-medium solution, a BGJ-b culture-medium solution, etc.) may be 
added. 

[0010] As a calcium phosphate compound which has the chemistry activity used for this 
invention, alpha-tricalcium phosphate (it is hereafter described as alpha-TCP), phosphoric-^acid 
4 calcium (it is hereafter described as TeGP), phosphoric-acid 8 calcium (it is hereafter 
described as OOP), etc. are mentioned. The calcium phosphate compound which has the above- 
mentioned chemistry activity may be used independently, or may use two or more sorts 
together. These are good to use in the state of powder. As for the amount used, it is desirable 
that the weight ratio in the composite material after desiccation is collagen:calcium phosphate 
compound =99.9:0.1-0.7:99,3. If the amount of calcium phosphate compounds exceeds this, good 
cbmpound-izatipn with a collagen will not be performed. 

[0011] In this invention, the cross linking agent of a polyphenol system may be blended further. A 
bridge is constructed over a collagen by the cross linking agent As a cross linking agent, the 
cross linking agent of a polyphenol system is desirable, and a tannic acid, a lignin, etc. are 
desirable especially. A tannic acid and a lignin are living body related substances, and it is 
because it does not have noxiousness. 0.05 - 5% of the amount of the cross linking agent used is 
desirable to a collagen. If it exceeds this range, a bridge is constructed strongly partially and 
gelation of a collagen may be checked conversely. 

[0012] In this invention, if the need is accepted, an ascorbic acid may be added. An ascorbic acid 
shows a vitamin-C operation in the living body, activates composition of a collagen, and 
promotes cell proliferation. In addition, to the composite material of this invention, anticancer 
agents, such as antibiotics, such as a tetracycline, and cisplatin, b-FGF, TGF-beta super families 
and those DNA or a cell growth factor, a bioactive factor, etc. may be iadded. 
[0013] The composite material of this invention dries the composite to which the above- 
mentioned component was made to react, and is obtained. An air dried may be carried out using 
a solvent harmless to living bodies, such as ethanol, or you may make it freeze-dry. Moreover, as 
for the adhesives for living bodies concerning this invention, a composite material according to 
claim 1 comes to add gelatin and resorcinol. 



[001 4], The reinforcement after hardening can be raised by adding gelatin. Moreover, the carboxyl 
group of gelatin is attached to an apatite and a biopolymer compound carbonizing acid apatite (it 
is only hereafter described as C03-Ap) generates. This C03-Ap can replace a body tissue 
completely. As gelatin used for this invention, although the method gelatin of a station, gelatin 21 
(Nitta gefatin company make), etc. are mentioned, especially pyrogen free gelatin is desirable. 
Pyrogen free gelatin is because there is little harmfulness to a living body. Here, pyrogen free 
gelatin is gelatin which removed pyrogen, such as bacterial endotoxin (giant-molecule 
lipopolysaccharide). After pyrogen free gelatin hydrolyzes the approach (refer to U.S. Pat. No. 
4374063) and gelatin which extract gelatin after it carries out alkali treatment of the ossein or 
the skin which is the raw material of gelatin and pyrogen free water washes, it can be obtained 
by the approach (refer to JP,56-68607,A) of making ultrafiltration membrane penetrating and 
. removing a pyrogen a ** exception etc. 
[0015] As it is, you may add in the state of powder, and above-mentioned gelatin may be used 
as a solution. Especially an addition is not limited. In this invention, resorcinol acts as an 
adhesion component Noxiousness of resorcinol is low. 0.1 - 20% (weight ratio) of an addition is 
desirable. If it becomes high concentration more than this, it will become impossible to disregard 
noxiousness, the elasticity of the adhesives after bridge formation will fall, operability will worsen; 
and it will become easy to separate from an application site. 
[0016] 

[Function] The collagen-calcium phosphate composite mateirial concerning this invention is 
excellent in biocompatibility or flexibility in order to make the collagen which constitutes the 
living body hard tissue the charge of a principal member. Furthermore, since the calcium 
phosphate which has chemistry activity is blended with this, it permutes by the body tissue with 
' time. C03- whose calcium phosphate which has chemistry activity is the principal component of 
the living body hard tissue in connection with a hydrolysis reaction — it is because Ap and OOP 
are compounded 

[0017] Moreover, since the collagen which has gelation energy is made to carry out a hydrolysis 
reaction and is made to compound-ize the calcium phosphate which has crystal inversion 
energy, both effectiveness can be acquired good. The calcium phosphate which has chemistry 
activity carries put crystal inversion by the phase transition reaction with time on a crystal 
interface by performing a hydrolysis reaction in the water solution containing phosphoric-^acid 
ion. It sets to this crystal inversion, and OOP of a metastable phase generates and grows in a 
neutral pH field. This OCP forms the composite between layers by conjugating with the.sol -> 
gel phase transition reaction of the collagen which has a carboxyl group. 

[0018] the adhesives for living bodies concerning this invention — the account of a top — since 
it comes to add gelatin and resorcinol to the composite material of this invention, high moreover, 
biocompatibility has a high adhesive property. 
[0019] 

[Example] Although the example of this invention is shown below, this invention is not limited to 
the following example. 

- To the phosphate buffer solution (pH7) which performed exampje 1 -sterile filtration (0.45 
micrometers), OCP which carried out ultraviolet-rays sterilization was added at a rate of 
OCP/phosphate buffer solution =0.25g / 10ml, and was stirred for 1 hour. Next, 0.3% water 
solution (pH3) of collagen-IP (eel matrix-IP: Nitta gelatin company make) which carried out 
ultraviolet-rays sterilization was mixed by the ratio of phosphate buffer solution:collagen solution 
=1:1, and it stirred for 5 minutes. The obtained composite is poured distributively to a multi-plate 
and it is C02. It was left for one week on the 3rd on the 1st in the incubator (37 degrees C, 2 = 
5% of COs). These were formalin-processed and 100% ethanol processed 10% in order to analyze 
crystal inversion and crystal growth, and it was air-dry, and composite material was obtained. 
[0020] - It was made to be the same as that of an example 1 except having used the phosphate 
buffer solution which added the example 2-tannic acid 0.2% (W/V). 

- Instead of example 3-OCP, alpha-TCP which sterilized by hot air 150 degrees C was made to 
be the same as that of an example 1 except having added at a rate of alpha-TCP / phosphate 
buffer solution =1g / 10ml. 



[0021] - Instead of example 4-OCP, alpha-TCP which sterilized by hot air 150 degrees C was 
made to be the same as that of an example 2 except haying added at a rate of alpha-TCP / 
phosphate buffer solution =1g/ 10ml. 

- It was made to be the same as that of an example 3 except having used HAp which sterilized 
by hot air 150 degrees C instead of example of comparison 1 -alpha-TCP. 
[0022] - It was made to be the same as that of an example 4 except having used HAp which 
sterilized by hot air 1 50 degrees C instead of example of comparison 2-alpha-TCP. Observation 
of gelation, freeze drying, and the following physical-properties measurement were performed 
about examples 1-4 and the examples 1 and 2 of a comparison. The result was shown in Table 1 
and drawing 1 -5. 
[Measuring method] 

(1) pH of the gel compound ghost extracted for every pH measurement predetermined time was 
measured using the pH meter. 

(2) X-ray diffraction profit **** composite material was identified using powder X-ray diffraction 
equipment (MXP3, Mac Saiensu-Sha make). 

(3) the front face was observed for scanning transmission electron microscope profit **** 
composite material with the scanning electron microscope (a GS-2100A mold, Hitachi Make) 
[0023] 

[Table 1] 
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[0024] 1, By the system which doies not add a tannic acid, good gelation is shown in early stages 
and increase and crystal generation are performed in hardness with time so that it may see to 
the gelation table 1. On the other hand, by the system which added the tannic acid, gel . 
precipitate arises and uniform gelation of a compound ghost is checked rather. 

2. Although pH measurement drawing 1 was a system which does not add a tannic acid and 
drawing 2 was the system which added the tannic acid, the inclination for all to settle down near 
neutrality with time as for pH was seen so that it might see to ** s and others drawing. 

3. By the system (examples 3 and 4) using alpha-TCP, the crystal inversion to an apatite was 
started forming OCP 1 or 3 days after, and it has permuted to the apatite completely after about 
one week so that it may see to X diffraction draw ing 4 . Composition of an apatite is checked, 
although it is [ some ] also by the system (examples 1 and 2) using OCP so that it may see to 
drawing 3 . These apatites are considered that the part is a carbonic acid apatite. In the example 
of a comparison, most crystal inversion was not checked so that it might see to drawing 5 R> 5. 

4. By the system (examples 1 and 2) of a scanning transmission electron microscope OCP, after 
one day, it is covered as the shape of a piece of phosphorus, and a scale-shaped crystal almost 
extensively, and the host crystal front face is comparatively flat When it becomes after three 
days and one week, a granularity crystal comes to be conspicuous on a host crystal front face. 
The difference arising from the existence of tannic-acid content was not observed. 

[0025] Among the systems using alpha-TCP, by tannic-acid a non-containing system, (an 
example 3) and the structure in which granularity was ready are observed, and it is thought that 
composite material is constituted from a matrix by a tangle and collagen of crystals which were 



generated. Moreover, after [ of a tannic-acid content system (example 4) ] three days, the 
petaloid crystal structure which shows typical OOP generation is observed, and the crystal 
inversion to OCP is imagined. 

[0026] Crystal growth was not observed in the example of a comparison. 5. The compound ghost 
was freeze-dried in each example and the example of a comparison. By the tannic-acid content 
system, there was a dry feeling and it had time amount in desiccation. On the other hand, in the 
tannic-acid additive-free thing, it became the floe which has good flexibility altogether. 
~ 0.3% water solution (pH3), the 10 times many MEM culture-medium [ as this ] concentration 
solution, and the buffer solutjon for reconstruction of collagen-IP which carried out example 5- 
ultraviolet-rays sterilization were mixed at a rate of 8:1:1. Into this mixed liquor, OCP dry-heated 
150 degrees C was added at a rate of OOP/mixed liquor =0.5g / 10ml, and was istirred for 1 hour. 
The obtained composite is poured distributively to a multi-plate and it is C02. It was left for 
three weeks for two weeks for one week on the 3rd on the 1st in the incubator (37 degrees C, 2 
= 5% of COs). These were formalin-processed and 100% ethanol processed 10% in order to 
analyze crystal inversion and crystal growth, and it was air-dry, and composite material was 
obtained. 

[0027] - Example 6-mixed liquor was made to be the same as that of an example 5 except 
having mixed 0.3% water solution (pH3), the 5 times many BGJ~b culture-medium [ as this ] 
concentration solution, and the buffer solution for reconstruction of collagen-IP which carried 
out ultraviolet-rays sterilization at a rate of 7:2:1. 

- It was made to be the same as that of an example 5 except having used alpha-TCP which 
sterilized by hot air 150 degrees C instead of example 7-OCP. 

[0028] - It was made to be the same as that of an example 6 except having used alpha-TCP 
which sterilized by hot air 1 50 degrees C instead of example 8-OCP. 

- It was made to be the same as that of an example 5 except having used TeCP which sterilized 
by hot air 150 degrees C instead of example 9-OCP. 

[0029] - It was made to be the same as that of an example 6 except having used TeCP which 
sterilized by hot air 150 degrees C instead of example 10-OCP. 

- It was made tp be the same as that of an example 5 except having used HAp which sterilized 
by hot air 150 degrees C instead of example of comparison 3-OCP. 

[0030] - It was made to be the same as that of an example 6 except having used HAp which 
sterilized by hot air 150 degrees C instead of example of comparison 4-OCP. Above-mentioned 
physical-properties measurement was performed about examples 5-10 and the examples 3 and 4 
of a comparison. The resiult was shown in drawing 6 -27. 

1. In examples 5 and 6 (system using OCP), and the examples 3 and 4 (system using HAp) of a 
comparison, pH fluctuation is comparatively stable small so that it may see to pH measurement 
drawing 6 and 7. Although pH changes to an acidity side with time in the examples 7 and 8 
(system using alpha-TCP), the range of fluctuation is [ the direction of the example 8 using a 
BGJ-b culture medium ] small slightly. Therefore, it is thought that pH fluctuation can be 
controlled by selection of a suitable culture medium etc. In the examples 9 and 10 (system using 
TeCP), although pH is changed the first stage, it is stabilized neutrally gradually. 

2. By the system (examples 5 and 6) using X diffraction OCP, crystal inversion with time is 
seldom checked so that it may see to drawing 8 -11, but these are compounding the carbonic 
acid apatite in part from the first stage, as shown in drawing 1 2 . By the system (examples 7 and 
8) using alpha-TCP, crystal inversion with time was checked so that it might see to drawing 13 - 
16. It has completed from about one to two weeks, and this shift reaction is changing from the 
carbonic acid apatite to hydroxyapatite with decline of an alpha-TCP peak, as shown in drawing 
17 . Also by the system (examples 9 and 10) using TeCP, crystal inversion with time was 
checked so that it might see to drawing 1 8 -21. As this shift reaction is shown in drawing 22 R> 

2, similarly it has completed from about one to two weeks, and from the first stage, 
hydroxyapatite is compounded and a TeCP peak declines with time. On the other hand, in the 
example of a comparison, crystal inversion with time was hardly checked so that it might see to 
drawing 23 -27. 

3, By the system (examples 5 and 6) using a scanning transmission electron microscope OCP, a 



crysta.l front face is comparatively flat and a scaly crystal is checked partially. By the system 
(.examples 7 and 8) using alpha-TCP, it turns out that petaloid structure is shown, big granulation 
is also checked in the long run from beginning to end, and OOP is compounded It seems that the 
direction of the example 8 using a BG J-b culture medium shows big petaloid structure, and the 
activity of alpha-TCP is high. It seems that moreover, the activity of TeCP is higher for the 
example 10 using a BGJ-b culture medium by the system (examples 9 and 10) using TeCP like 
[ many granularity crystals detailed on a big granulation front face are observed, and ] the 
system using alpha-TCP. On the other hand, in the example of a comparison, the surface crystal 
structure did not show change from beginning to end. 

[0031] Furthermore, while making and filling up mature rabbit tibia **** with the drilled hole by 
having made into **** material each three days after [ a reaction ] formalin freeze-drying object 
which is not processed [ of examples 1-10 and the examples 1-4 of a comparison ] and judging 
the hemostasis effectiveness by viewing, deashing and a non-deashing pathology sample were 
created for the perimeter section after six weeks of embedding. The result is shown in Table 2 
[0032] 
[Table 2] 
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[0033] 

[Effect of the Invention] The collagen-calcium phosphate composite material of this invention . 
has high living body activity, and can expect the positive recovery effectiveness. Furthermore, 
since it excels also in flexibility the top where shaping of a press, cutting, etc. is easy, the 
restoration to a curved-surface part is also possible, moreover, if the gel object in a hydrolysis 
reaction process serves as three-dimensions culture-medium material and these are freeze- 



dried further, it has good flexibility — it becomes the implant material of the shape of curdy or 
film. 

[0034] Moreover, as for the adhesives for living bodies of this invention, the adhesives itself can 
promote growth of the self-repair cell instead of a foreign matter for a living body. For this 
reason, it is suitable for junction of the hemostasis of incision / excision side of various organs, 
and a blood vessel and an organ, and adhesion of the anastomosis section. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Fluctuation of pH of the composite material of examples 1 and 3 and the example 1 
of a comparison with time is shown. 

[Drawing 2] Fluctuation of pH of the composite material of examples 2 and 4 and the example 2 
of a comparison with time is shown. 

[Drawing 3] The chart by the X-ray diffractometer of the composite material of examples 1 and 

2 is shown. 

[Drawing 4] The chart by the X-ray diffractometer of the composite material of examples 3 and 
4 is shown. 

[Drawing 5] The chart by the X-ray diffractometer of the composite material of the examples 1 
and 2 of a comparison is shown. 

[Drawing 6] Fluctuation of pH of the composite material of examples 5, 7, and 9 and the example 

3 of a comparison with time is shown, 

[Drawin g 7] Fluctuation of pH of the composite niaterial of examples 6, 8, and 10 and the 
example 4 of a comparison with time is shown. 

[Drawing 8] The chart by the X-ray diffractometer after one-day progress of the composite 
material of an example 5 is shown. 

[Drawing 9] The chart by the X-ray diffractometer after three-week progress of the composite 
material of an example 5 is shown. 

[Drawing 10] The chart by the X-ray diffractometer after one-day progress of the composite 
material of an example 6 is shown! 

[Drawing 1 1] The chart by the X-ray diffractometer after three-week progress of the composite 
material of an example 6 is shown. 

[Drawing 1 2] It is the X diffraction chart which shows a change of the composite material of an 
example 5 with time. 

[Drawing 1 3] The chart by the X-ray diffractometer after one-day progress of the composite 
material of an example 7 is shown. 

[Drawing 14] The chart by the X-ray diffractometer after three-week progress of the composite 
material of an example 7 is shown. 

[Disiwirig 1 5] The chart by the X^ray diffractometer after one-day progress of the composite 
material of an example 8 is shown. 

[Drawin g 16 ] The chart by the X-ray diffractometer after three-week progress of the composite 
material of an example 8 is shown. 

[Drawing 1 7] It is the X diffraction chart which shows a change of the composite material of an 
example 7 with time. 

[Drawing 18] The chart by the X-ray diffractometer after one-day progress of the composite 
material of an example 9 is shown. 

[Drawing 19] The chart by the X-ray diffractometer after three-week progress of the composite 
material of an example 9 is shown. 

[Drawing 20] The chart by the X-ray diffractometer after one-day progress of the composite 
material of an example 10 is shown. 



[Drawing 211 The chart by the X ~ray diffractometer after three"~week progress of the composite 
.material of an example 1 0 is shown. 

[Drawing 22] It is the X diffraction chart which shows a change of the composite material of an 
example 9 with time. 

[Drawing 231 The chart by the X-ray diffractometer after one-day progress of the composite 
material of the example 3 of a comparison is shown. 

[Drawing 24] The chart by the X-ray diffractometer after three-week progress of the composite 
material of the example 3 of a comparison is shown. 

LDra_>AangJ5] The chart by the X-ray diffractometer after one-day progress of the composite 
material of the example 4 of a comparison is shown. 

[Drawing 26] The chart by the X-ray diffractometer after three-week progress of the composite 
material of the example 4 of a comparison is shown. 

[Drawing 271 It is the X diffraction chart which shows a change of the composite material of the 
example 3 of a comparison with time. 
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